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ABSTRACT 

Athabasca bi tumen has been t r e a t e d  w i t h  h a l i d e  c a t a l y s t s  under a 

cont inuous f l o w  o f  H2 i n  a 15 mL mic roautoc lave .  

th rough t h e  l i q u i d  u s i n g  a microporous s t e e l  g r i d .  ZnC12, CuCl and 

ZnC12/CuCl m ix tu res ,  w i t h  and w i t h o u t  t e t r a l i n ,  were used as c a t a l y s t s .  
The exper imental  c o n d i t i o n s  were: 13.8 MPa opera t i ng  pressure ,  1 LSTp/min 
as H2 f l owra te ,  425-450°C and 30 min as r e a c t i o n  tempera ture  and t ime 

respec t i ve l y .  ZnC12 has been found e f f e c t i v e  f o r  c o n v e r t i n g  aspha l tenes  

i n t o  maltenes w h i l e  l ower ing  t h e  coke fo rma t ion  w i t h  respec t  t o  t h e  
uncata lyzed r e a c t i o n .  The a d d i t i o n  o f  t e t r a l i n  t o  t h e  r e a c t i o n  m i x t u r e  

minimized coke and gas fo rmat ion .  

The H2  was bubbled 

INTRODUCTION 

Bitumen and heavy o i l  upgrad ing  has been t h e  sub jec t  o f  many 

i n v e s t i g a t i o n s  s i n c e  t h e  e a r l y  t h i r t i e s  (1). Present i n d u s t r i a l  
t echno log ies  such as delayed cok ing  o r  f l u i d  cok ing  r e s u l t  i n  t h e  fo rmat ion  

o f  l a r g e  amounts o f  coke (up t o  22% o f  t h e  feed )  (2). 
y i e l d  o f  va luab le  l i q u i d  p roduc ts .  

general  may f i n d  a v a r i e t y  o f  uses, t h e  h i g h  su lphu r  conten t  o f  t h e  coke 
produced f r o m  Canadian o i l  sands bi tumen such as Athabasca bitumen, 

p rec ludes  i t s  use (3 ) .  

Th is  decreases t h e  

Whereas coke de r i ved  f rom pet ro leum i n  

Hydrocrack ing  o f  Athabasca bi tumen has proven t o  y i e l d  10-15% h ighe r  

l i q u i d  d i s t i l l a t e  p roduc t  t han  conven t iona l  cok ing  processes (4).  

C a t a l y s t s  a r e  r e q u i r e d  f o r  e f f e c t i v e  removal o f  su lphu r  and n i t r o g e n  and t o  

improve l i q u i d  y i e l d s .  Coke i s  a l s o  formed d u r i n g  hydrocrack ing ,  a l though 
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s i g n i f i c a n t l y  l e s s  than i n  coking. 

problems such as r e a c t o r  f o u l i n g  and c a t a l y s t  po ison ing .  
inc reases  w i t h  temperature (5,6) and decreases w i t h  hydrogen p a r t i a l  

p ressure  ( 5 ) .  
t o  reduce coke fo rma t ion  (7) .  

However, t h i s  c rea tes  o p e r a t i o n a l  

Coke fo rma t ion  

A d d i t i o n  o f  coal and coal-based c a t a l y s t s  has been c la imed 

Coke fo rma t ion  f rom o i l  sands bi tumen i s  b e l i e v e d  t o  be r e l a t e d  t o  i t s  

h i g h  aspha l tene conten t  (2) .  D i c k i e  and Yen (8) have s t u d i e d  s t r u c t u r e s  of 
asphal tenes f rom var ious  sources and p o s t u l a t e d  t h a t  aspha l tene aggregates 
a r e  made o f  p lana r  sheets o f  condensed aromat ic  r i n g s ,  sa tu ra ted  carbon 

cha ins  and a loose ne t  o f  naphthenic r i n g s .  Therefore,  po l ynuc lea r  

a romat ic  hydrocarbons may be cons idered as p o s s i b l e  c o n s t i t u e n t s  o f  
aspha l tene and c a t a l y s t s  which a r e  e f f e c t i v e  i n  hyd roc rack ing  p o l y n u c l e a r  
a romat ic  compounds should a l s o  be e f f e c t i v e  i n  aspha l tene hydrocrack ing .  

Mo l ten  h a l i d e  s a l t s  have been found t o  be e x c e l l e n t  c a t a l y s t s  i n  t h e  
hyd roc rack ing  of  t h e  po lynuc lea r  (9,lO) and a l k y l  s u b s t i t u t e d  p o l y n u c l e a r  

a romat ic  hydrocarbons (11). Z i e l k e  e t  a l .  ( 9 )  have shown t h e  s u p e r i o r i t y  
o f  mo l ten  ZnClz c a t a l y s t s  over convent iona l  hyd roc rack ing  c a t a l y s t s  f o r  

pyrene, coa l  and coa l  e x t r a c t  and subsequent ly c a r r i e d  ou t  con t inuous  
h y d r o l i q u e f a c t i o n  o f  subbi tuminous coa l  i n  mo l ten  ZnClZ(12). 

Herrmann e t  a l .  (13) c a r r i e d  out a comparat ive s tudy  o f  Fe, ZnClz and 

ZnC12-promoted Fe c a t a l y s t s  f o r  hyd roc rack ing  of Athabasca bitumen. They 

found ZnC12 t o  be t h e  most ac t i ve ,  t o  produce l e s s  hydrocarbon gas and 
s i g n i f i c a n t l y  l e s s  su lphu r  i n  t h e  l i q u i d  p roduc t .  

s t u d i e d  hyd roc rack ing  o f  Athabasca aspha l tene over mo l ten  ZnCl ,-KCl-NaCl 

m ix tu res  w i t h  and w i t h o u t  an a d d i t i v e  o f  some t r a n s i t i o n  metal  c h l o r i d e s  

and found a m i x t u r e  o f  ZnCl z-KC1-NaC1 5 t o  g i v e  h i g h e r  aspha l tene convers 

(60% pentane s o l u b l e )  and small amounts o f  coke (3.7% benzene i n s o l u b l e )  

Based on t h i s  i n f o r m a t i o n  we decided t o  c a r r y  ou t  sys temat i c  exper iments 

Nomura e t  a l .  (2)  

on 

t o  

i n v e s t i g a t e  t h e  hydrocrack ing  o f  Athabasca bitumen w i t h  mo l ten  ZnCl,, CuCl 
and t h e i r  m ix tu res  w i t h  and w i t h o u t  t e t r a l i n .  Th i s  l a t t e r  hydrogen donor 

compound was added t o  r a p i d l y  t r a n s f e r  H and then p reven t  coke fo rma t ion  by 

recondensat ion  o f  t h e  hydrocracked r a d i c a l s .  
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FEEDSTOCK AND REAGENTS 

I 

Athabasca bi tumen produced by ho t  water  process from mined o i l  sands 

of t h e  McMurray s t r a t i g r a p h i c  u n i t  by Suncor Inc.  and ob ta ined f rom t h e  

A l b e r t a  Research Counc i l  was used as t h e  feeds tock .  Table 1 summarizes t h e  
r e l e v a n t  p r o p e r t i e s  o f  t h e  bitumen. 

A l l  t h e  reagents  used were o f  ACS reagent grade. T e t r a l i n  and ZnC12 

were purchased f rom A l d r i c h  Chemicals, Milwaukee, W I . :  CuCl was purchased 
from Anachemia Ltd., Mont rea l  and hydrogen was purchased f r o m  L i q u i d  

Carbonic Inc., Mont rea l .  

E QU I PMENT 

T r a d i t i o n a l l y  l a b o r a t o r y  sca le  hydrocrack ing  exper iments have been 

c a r r i e d  o u t  i n  s t i r r e d  au toc laves  (13)  and r o c k i n g  au toc laves  (2 ) .  
However, t h e  f l u idodynamic  c o n d i t i o n s  i n  these  t r a d i t i o n a l  au toc laves  a r e  
cons ide rab ly  d i f f e r e n t  f rom those  of an i n d u s t r i a l  hydrocracker  because 
i n d u s t r i a l  hydrocrackers  opera te  under cont inuous  f l o w  cond i t i ons .  

To s i m u l a t e  i n d u s t r i a l  c o n d i t i o n s  as c l o s e l y  as p o s s i b l e  we used a 

bubb l i ng  m ic roau toc lave  system of our  own design. 
t h e  exper imenta l  se tup  i s  shown i n  F ig .  1. 
mic roautoc lave ,  wa te r  coo led  condenser, gas c o l l e c t i o n  assembly, mo l ten  

s a l t  hea t ing  bath, c o o l i n g  water  bath,  connect ing  tub ings ,  and 

ins t rumen ta t i on .  

exper imenta l  setup and i s  equipped w i t h  a microporous s t e e l  g r i d ,  t h rough  

which gas can be d ispersed.  

A schematic diagram o f  
It c o n s i s t s  o f  a 15 mL b u b b l i n g  

The b u b b l i n g  m ic roau toc lave  i s  t h e  h e a r t  o f  t h e  

The gas c o l l e c t i o n  assembly was s p e c i a l l y  designed t o  c o l l e c t  a l l  t h e  

The con ten ts  can be mixed tho rough ly  by means o f  two b u i l t - i n  

gases. I t c o n s i s t s  o f  two 75 L tanks ,  capable o f  w i t h s t a n d i n g  pressures  up 

t o  20 psig.  
s t i r r e r s .  I n  a d d i t i o n  a pump can t r a n s f e r  t h e  con ten ts  from one tank  t o  

another  and v i c e  versa the reby  f a c i l i t a t i n g  i n t e r m i x i n g  t h e  con ten ts  of 
both. 
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EXPERIMENTAL PROCEDURE 

I 

i 

The mic roautoc lave  was f i l l e d  w i t h  about 7 g o f  b i tumen f o r  t h e  

n o n - c a t a l y t i c  exper iments p l u s  d e s i r e d  amounts of c a t a l y s t s  fo r  t h e  
c a t a l y t i c  exper iments.  
3 h p r i o r  t o  use t o  e l i m i n a t e  any mois tu re .  

comple te ly  sealed. 

and t h e  system pressure  was r a i s e d  t o  the  des i red  pressure  (13.8 MPa). 
hydrogen f l o w r a t e  ( 1  LSTp/min) was e s t a b l i s h e d  by a p r e - c a l i b r a t e d  mass 
f l ow  meter (Brooks Ins t ruments ,  Model 5850). The mic roautoc lave  was t h e n  

plunged i n t o  t h e  preheated mol ten  s a l t  ba th  hea te r  and t h e  p r e v i o u s l y  

evacuated gas c o l l e c t i o n  assembly was s ta r ted .  
mic roautoc lave  conten ts  was mon i to red  c o n s t a n t l y  by an e l e c t r o n i c  

tempera ture  i n d i c a t o r  (Ana log ic ,  Model AN2572). It u s u a l l y  took  about 5-7 
min t o  reach t h e  des i  red  r e a c t i o n  tempera ture  (425'-450'C). 

were c a r r i e d  ou t  f o r  30 min a f t e r  reach ing  t h e  r e a c t i o n  temperature.  The 
mic roautoc lave  tempera ture  was c a r e f u l l y  c o n t r o l l e d  as fo l l ows :  when i t  

exceeded t h e  d e s i r e d  r e a c t i o n  tempera ture  by Z'C, t h e  au toc lave  was 
p a r t i a l l y  wi thdrawn momentar i ly  f rom t h e  mol ten  s a l t  ba th  t o  reduce t h e  

tempera ture  t o  t h e  r e a c t i o n  temperature.  I n  t h i s  manner it was p o s s i b l e  t o  

s t a y  w i t h i n  +3'C o f  t h e  d e s i r e d  temperature.  

ZnC12 and CuCl were oven d r i e d  a t  1OO'C f o r  about  

The mic roautoc lave  was t h e n  

Hydrogen was then  bubbled th rough t h e  microporous g r i d  
The 

The temperature o f  t he  

Exper iments 

A t  t h e  end o f  t h e  experiment, t h e  m ic roau toc lave  i s  q u i c k l y  immersed 
i n t o  t h e  c o o l i n g  water  ba th  w h i l e  t h e  hydrogen i s  cont inued. When room 

tempera ture  i s  reached (25"C), which takes  about 1-2 min, t h e  gas f low i s  

stopped. The gas remain ing  i n  t h e  system i s  then evacuated i n t o  t h e  gas 

c o l l e c t i o n  assembly. 

ANALYTIC PROCEDURE 

The gases were w e l l  mixed i n  t h e  gas c o l l e c t i o n  assembly f o r  about 

1 h, then analyzed by a gas chromatograph (Hewle t t  Packard, Model 5890) 

equipped w i t h  a Porapak Q and a Mo lecu la r  Sieve column i n  se r ies .  

The mic roautoc lave  was weighed b e f o r e  and a f t e r  t h e  exper iment and t h e  

d i f f e r e n c e  gave t h e  q u a n t i t y  o f  gas formed p l u s  any en t ra inment .  Usua l l y  

en t ra inment  was n e g l i g i  be as t h e  condenser was purpose ly  overdesigned and 

was f i l l e d  w i t h  metal  spr ings .  Most o f  t h e  gases were thus  condensed and 
r e t u r n e d  t o  t h e  mic roautoc lave .  

358 



The mic roautoc lave  was t h e n  c leaned tho rough ly  w i t h  dichloromethane. 
Dichloromethane i n s o l u b l e  p roduc ts  were f i l t e r e d ,  d r i e d  i n  an oven a t  1OO'c 

and weighed. When c a t a l y s t s  were used, t h e  dichloromethane i n s o l u b l e  
m a t e r i a l  was washed w i t h  hot water  i n  an u l t r a s o n i c  bath. ZnClp/CuCl 
remain ing  i n  t h e  dicholoromethane i n s o l u b l e  m a t e r i a l  (except t hose  

chemica l l y  combined) were t h u s  removed. The s o l v e n t  was then evapora ted  i n  

a r o t a r y  evapora tor  (Buchi, Rotavapor RE121). 
t hen  added and t h e  m i x t u r e  p laced  i n  an u l t r a s o n i c  ba th  f o r  15 min. It was 

l e f t  f o r  24 h be fo re  n-pentane i n s o l u b l e s ,  termed as asphal tenes were 
f i l t e r e d .  

and co l l ec ted .  n-Pentane was evaporated f rom t h e  f i l t r a t e  i n  t h e  r o t a r y  
evapora tor  and t h e  remain ing  y e l l o w i s h  m a t e r i a l  , termed as maltenes, was 

co l l ec ted .  

RESULTS 

n-Pentane i n  1:50 r a t i o  was 

The asphal tenes were then  d r i e d  i n  a vacuum dess i ca to r ,  weighed 

The exper imenta l  c o n d i t i o n s  and produc t  a n a l y s i s  i n  terms o f  coke 

(dichloromethane i n s o l u b l e s ) ,  asphal  t ene  (pentane inso lub les ) ,  mal tenes  
(pentane so lub les )  and gas a r e  summarized i n  Table 2. 
observa t ions  a r e  made. 

The f o l l o w i n g  

The amount o f  coke and gas inc rease,  i n  general ,  w i t h  r e a c t i o n  
tempera ture  (see expts.  1,5,8 f o r  t h e  n o n - c a t a l y t i c  and expts. 2,6,9 f o r  
t h e  c a t a l y t i c  runs).  

t o  decrease w i t h  tempera ture  f o r  t h e  range s t u d i e d  (see expts. 1,5,8). 

Both t h e  aspha l tene and t h e  mal tene f r a c t i o n s  appear 

Add i t i on  o f  ZnClp decreases t h e  asphal tene, coke and gas f r a c t i o n s  
whereas it increases  t h e  maltene f r a c t i o n  w i t h  respec t  t o  t h e  unca ta l yzed  

reac t i on .  The aspha l tene f r a c t i o n  decreases whereas t h e  maltene f r a c t i o n  
inc reases  w i t h  i nc reased  ZnClz as can be seen f rom expts .  1-4,5-7, and 

8-11. The gas f r a c t i o n  i n i t i a l l y  decreases wi th respec t  t o  t h e  uncata lyzed 

r e a c t i o n  bu t  i nc reases  w i t h  a d d i t i o n a l  ZnC12. Al though t h e r e  i s  some 

s c a t t e r  i n  t h e  da ta  t h e  coke con ten t  a l s o  appears t o  decrease somewhat w i t h  
ZnCl 2. 
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, 
‘1 

A d d i t i o n  o f  t e t r a l i n  r e s u l t s  i n  decreased gas and coke f r a c t i o n s  as 

can be seen by comparing expts.  1, 12-14. The aspha l tene f r a c t i o n  a l s o  
decreases somewhat whereas t h e  maltene f r a c t i o n  inc reases .  CuCl a l s o  has 

some c a t a l y t i c  a c t i v i t y  towards heavy o i l  c rack ing ,  bu t  i t s  r e a c t i v i t y  i s  
lower  than t h a t  o f  ZnC12. A d d i t i o n  o f  CuCl t o  ZnC12 
conten t  o f  t h e  product,  bu t  decreases t h e  r e a c t i v i t y  

c rack ing  as can be seen by comparing expts.  7, 17 and 

Some observa t ions  on t h e  performance o f  t h e  bubb 

owers t h e  coke 
owards asp ha1 t ene 
18. 

i n g  m ic roau toc lave  

w i t h  respec t  t o  convent iona l  s t i r r e d  au toc laves  a re  wor th  ment ioning. Our 
r e s u l t s  were compared w i t h  those o f  Herrmann e t  a l .  (13), c a r r i e d  ou t  under 

somewhat s i m i l a r  c o n d i t i o n s  w i t h  Athabasca bitumen. A s u b s t a n t i a l  

d i f f e r e n c e  i n  t h e  q u a n t i t y  of gas formed was noted. I n  t h e  p resen t  case i t  

ranged f rom 15 t o  23 wt % f o r  runs c a r r i e d  ou t  a t  440°C and 450’C. I n  t h e  
case o f  Herrmman e t  a l .  (13) it was about 6 wt %. T h i s  i s  p robab ly  an 

i n d i c a t i o n  o f  improved c r a c k i n g  i n  t h e  mic roautoc lave .  
t o  a homogeneous d i s t r i b u t i o n  o f  temperatures and gas th roughout  t h e  

f l u i d i z e d  system and t o  t h e  absence o f  ho t  spo ts  on t h e  wa l l s .  

CONCLUSIONS 

We a t t r i b u t e  t h i s  

Athabasca bitumen has been hydrocracked i n  a bubb l i ng  m ic roau toc lave  

w i t h  mo l ten  h a l i d e  c a t a l y s t s .  
c a t a l y s t  f o r  t h e  convers ion  of asphal tenes i n t o  maltenes and gases. S ince  

ZnClp i s  i n  t h e  l i q u i d  s t a t e  under hydrocrack ing  c o n d i t i o n s  i t  may be used 

as a homogeneous c a t a l y s t  f o r  t h e  hyd roc rack ing  o f  bitumen and heavy o i l s .  
The a d d i t i o n  o f  t e t r a l i n  reduces gas and coke fo rma t ion  bu t  a s u b s t a n t i a l  

amount i s  r e q u i r e d  t o  s i g n i f i c a n t l y  reduce coke. 

ZnC12 has been found t o  be an e f f e c t i v e  
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Table 1 

Se lec t  p r o p e r t i e s  o f  Athabasca bi tumen 

i API g r a v i t y  10.1 
I V i scos i t y ,  25°C 42000 CP 

Carbon 83.77 wt % 
N i t rogen  0.37 w t  % 

I 
Oxygen 0.88 w t  % 

I Nicke l  75.5 ppm w t  
I P i t c h  (524'C+Fract ion) 53.7 % 
I 
/ 

Dens i t y  
Ash 
Hydrogen 
Su lphur  
Vanadi um 
Asphal t ene  
Coke 
Mal tene 

0.999 g/mL 
0.48 wt % 
10.51 w t  % 
4.75 wt % 
200 ppm w t  
16.1 wt % 
0.57 wt % 
83.33 w t  % 

Tab le  2 

Summary o f  t h e  exper imenta l  c o n d i t i o n s  and p roduc t  analyses 

Expt. # Temp. C a t a l y s t  
L k 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 

450 
450 
450 
450 
440 
440 
440 
425 
425 
425 
425 
450 
450 
450 
440 
440 
440 

440 

ZnCl2 
ZnCl2 
ZnCl2 

ZnCl2 
ZnCl 

ZnCl 
ZnCl 
ZnCl2 
Tet r a l  i n  
Te t  r a l  i n  
T e t r a l i n  
CUCl  
C U C l  
ZnCl 2+ 
CUCl  
ZnCl 2+ 
CUCl  

- 

- 

Cat. 
Conc. 
wt-% 

- 
1.5 
10 
25 

1.5 
10 

1.5 
10 
25 
25 
50 
100 
1.5 
10 
10 
1.5 
10 
4.5 

Coke 
m 

8.4 
5.5 
6.3 
2.8 
4.8 
3.8 
4.1 
3.6 
3.2 
4.0 
1.6 
4.6 
3.8 
2.7 
6.7 
5.9 

3.6 

3.4 

Asphaltene Mal tene 
w t  % w t  % 

8.6 
8.2 
4.4 
2.4 
10.4 
8.3 
3.2 
11.7 
9.1 
4.7 
4.0 
6.5 
5.2 
5.4 
7.2 
6.3 

6.1 

5.2 

60.1 
66.0 
67.7 
72.3 
66.7 
69.9 
72.1 
67.0 
74.7 
78.9 
77.7 
68.1 
73.9 
76.5 
67.9 
69.8 

70.0 

72.4 

Gas 
w t %  
- 

22.9 
20.2 
21.6 
22.5 
18.1 
18.0 
20.6 
17.7 
12.9 
12.4 
16.7 
20.8 
17.1 
15.4 
18.2 
18.0 

20.3 

19.0 

I * values a re  w t  % o f  feed. 
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Figure 1. Schematic diagram of bubbling microautoclave 
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